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each resonance is proportional to 2 H-enrichment at that position, 
so the spectrum provides a simple and direct readout of 2 H 
enrichment ratios. 

t0038] It is important to point out that the a H NMR measurement 
is not influenced by the presence of tracer levels of 13 C in the 
glucose (or monoacetone glucose) molecule. Table 1 summarizes 
the relative contributions of glycogen, glycerol and PEP to 
glucose production as measured by deuterium NMR of monoacetone 
glucose derived from blood glucose. Fluxes through key pathways 
involving the TCA cycle were measured relative to flux through 
citrate synthase by analysis of carbon- 13 NMR spectra from 
urinary acetominiphen glucuronide or urinary 

phenylacetylglutamine. The eguation (eqn) used to eeeetefee 
calculate a given value is inoicatcd indicated. 

TABLE 1 


Sources of glucose 
(faction, fiwm r H NM* of 
blood tnonoKetorto glucose) 


Fltl* ratios relative to citrate synthase 
(fttrtn **C HMR of urme 
acetatnmophen glucuronide) 


Flux ratios relative to citrate nynthsse 
(from **C NMR of urine 
phcnya^lglutamine) 


subject 


glycogen 


0 57 


053 


oar 


glycerol 


000 


rep 


043 


isanil 


6-61 


PEP-*pyruvate 


1.41 


350 

TsT 


348 


3.10 
376 


PEP-»g1uco*e 
W.fl 


0AA-»PEP 


6.38 


231 


1.74 


T34~ 

TIT 


590 


PEP-* glucose 


3.44 


303 
3.73 


069 


090 


1.07 


04L 
0.59_ 


006 


049 


3-62 


0 38 


8 85 


668 


496 


Q.7Q 


0-45 


7U 


3 21 


185 


6 31 
~o7T 


0.90 
020 


105 


i.d. I 0.07 I 0.03 I 008 M 1 11 
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.££A cycle and gluaonoogania flux — mcaourcmonto — from [U 

propionate inQoxporation into haxooc and 

t0039] Relative anaplerotic, pyruvate recycling, and 

gluconeogenic fluxes can be obtained by a 13 C ieotopomer analysis 
of plasma glucose, urinary glucuronide, or the glutatnine 
fragment in urinary PAGN. The equations that describe these 
relationships are given by eqns. 4-9. 

10040] Figure 5 illustrates typical multiplets observed in the 
"C NMR spectrum of plasma glucose C2& and urinary glucuronate 
C5B of the same individual. The tnultiplet pattern arises from 
metabolism of tU- 13 C 3 ] propionate at the level of the liver TCA 
cycle and is not affected by the. presence of or metabolism of 
[l,6- l3 C 2 ] glucose. The difference in signal -to- noise in these 
two spectra is largely due to the amount of urinary glucuronate 
in -100-150 mL of urine compared to the amount of glucose in 10 
tnL of blood. Given that the multiplets in blood glucose C2|3 and 
urinary glucuronate C50 report identical flux values and the 
large differences in signal-to-noise of the spectra shown, 
relative flux values as reported by the glucuronate 
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